INTRODUCTION
Agriculture is one of the economic sectors that need to take appropriate decisions in order to reduce the high fuel consumption and; therefore, environmental pollution (PÉREZ-MARTÍNEZ, 2012) . In terms of potential to reduce production costs, agricultural mechanization can be considered as the main factor (PELOIA & MILAN, 2010 ).
According to SIEMENS & BOWERS (1999) , fuel costs represent at least 16%, reaching 45% of the hourly costs of an agricultural tractor, and this represents the largest share of the total cost of an hour of machine work.
As a result of high production costs involving agricultural mechanization, new technologies have been developed in an attempt to reduce these costs and increase energy efficiency in (30; 40; 50; 60; 70 e 80% de Q0) , por meio da frenagem com um carro dinamométrico instrumentado, em pista de concreto, em três velocidades de deslocamento (5,16; 7,29 e 10,58km h -1 (LINARES et al., 2010) .
These transmissions are equipped with a control system that can adjust the gear ratio and engine speed so that it can work at a point of maximum fuel efficiency for certain conditions (RENIUS & RESCH, 2005) . Thus, according to GOMEZ (2003) , CVT transmissions offer the potential to achieve maximum engine efficiency.
This type of transmission has been well received by farmers because of its advantages, such as comfort, ease handling and response to diverse needs (LINARES et al., 2010) . However, studies assessing the energy efficiency of a tractor equipped with CVT transmission are necessary to be conducted in order to recommend its use, according to the traction demand which it will be submitted to, as well as, contribute to the train operators and consolidate learning of such technologies.
This study aimed to evaluate the fuel consumption efficiency of a tractor equipped with CVT transmission, at different travel speeds and load levels to the drawbar.
MATERIALS AND METHODS

Research tractor
The experiment was conducted in a concrete test track at the Mechanic Agriculture Station, an official laboratory of the Ministry of Agriculture, Food and Environment of Spain. A Massey Ferguson tractor, model MF 7618 Dyna-VT, was used equipped with a four stroke Diesel cycle engine model 66 AWI 695 with six cylinders, volumetric displacement of 6,596cm³ and powered by turbocharger with an intercooler. According to the test report, maximum power is 113.4kW (154.2hp) at 2000rpm (IRSTEA, 2013) . Tractor was equipped with a CVT transmission, which allowed infinite gear ratios, and was conducted using the automatic mode.
Data acquisition
Indirectly, the engine speed was obtained by using a magnetic tachometer installed in the power take-off (PTO) of the tractor. Fuel consumption was measured using a volumetric flow meter located on the dynamometer car coupled to the tractor, which function was to impose on the drawbar load levels controllably dosed and allocate the instrumental measurement. Car braking is given by means of a hydraulic circuit through a variable displacement pump. The car had a maximum capacity of traction 147.15kN (15,000kgf) and its mass for the experiment was 17,850kg. The experiment layout is shown in figure 1.
Before the experiment was carried out, the engine run in was conducted applying an electric dynamometer break, coupled to the tractor by the PTO, being applied for a period of 30 hours load on the engine equivalent to 30% of rated power reported by the manufacturer.
Test method and procedure
Since the power in the drawbar is the product of travel speed and traction force, thus varying one of these parameters is possible to determine the power range to be evaluated. In this study, three shift speeds were applied, which ranged from 5 to 11km h -1 , determined to contemplate the variety of agricultural operations in the field.
Load levels applied on the tractor were obtained based on the official test report Number 17143 (IRSTEA, 2013) . For each selected travel speed, the traction force (Q0) corresponding to the maximum power at the drawbar was assumed. Thus, it was obtained the 52.10kN traction force to the speed 5.16km h -1 ; 42.80kN for 7.29km h -1 and 33.50kN for the speed of 10.48km h -1 . Considering the fact that a single tractor can pull various implements with different power requirements six load levels (30, 40, 50, 60, 70 , and 80% of Q0) were applied to the drawbar for each travel speed. According to RICKETTS & WEBER (1961) , the so-called "heavy" agricultural operations require between 56% and 97% of the maximum power available on the tractor at maximum engine acceleration.
Experimental and statistical procedures
The engine speed (rpm) and hourly consumption (L h -1 ) and specific (g kWh -1 ) to engine fuel were analyzed in a factorial scheme (3x6), from the interaction of three travel speeds and six load levels applied on the tractor. Three replications were conducted, at a total of 54 experimental units, thus composing a completely randomized design experiment. After the evaluations, the data were analyzed for normality and homoscedasticity. Then, all variables were subjected to analysis of variance (ANOVA). In case of significance, means were analyzed by Tukey's test (P≤0.05) applying Sisvar software, version 5.3 (FERREIRA, 2011).
RESULTS AND DISCUSSION
The summary of the ANOVA of the results of engine speed, hourly and specific fuel consumption at different travel speeds and load levels applied on the tractor, is shown in table 1. From these results, there was a significant effect (P≤0.05) of the interaction between the factors in the analyzed parameters. Low values of coefficient of variation (CV) representing the standard deviation expressed as a percentage of the average indicated a probable accuracy of the experiment.
Engine speed
Engine speed had different behaviors for the three traveling speeds measured explained by polynomial equations (Figure 2A) . However, the engine characteristic to increase its rotation due to the increase of the load levels is the same for all three speeds (Table 2 ). This is a major feature of CVT transmissions, since in an attempt to keep the pre-set working speed there are increases in engine speed.
According to the detected load and the travel speed programmed by the user, the engine speed will be higher if you need more power or less if the work does not require high traction force (ALONSO, 2014). Thus, engine performance is optimized, since in small traction force circumstances such as transport, for example, an electronic control unit will reduce the rotation of the engine, where as in situations requiring the acceleration, the engine will work at rotational maximum power (RENIUS & RESCH, 2005) .
Depending on the joint management of the engine and transmission provided by the CVT transmission, it is clear the possibility of working at lower engine speeds and appropriate travel speeds in order to efficiently use the fuel in agricultural operations, provided there is no overload as to reduce the reserve engine torque. 
Sources of variation Degrees of freedom ------------------------------------------Average squares------------------------------------------
Hourly fuel consumption
Hourly fuel consumption had the same behavior for all three travel speeds studied ( Figure  2B ). From the linear regression equation presented in this figure, one can expect average increase of 2.67; 2.82 and 2.61L h -1 in fuel consumption for each 10% increase in the load level on the tractor, for travel speeds of 5.16; 7.29 and 10.48km h -1 , respectively. Results which corroborated those reported by KIM et al. (2011) , which described that the fuel consumption varies according to the type and percentage of the imposed engine load.
From the results obtained by Tukey's test (Table 2) , it is observed that the load levels differed in six distinct groups in the three evaluated travel speeds. As load levels were increased, fuel consumption was higher confirming the data obtained by HOWARD et al. (2013) , which described the hourly fuel consumption is a linear function of power in the drawbar.
For each travel speed, there is an increase in the hourly fuel consumption of 223.30; 229.07 and 199.10% when compared to the load of 80% compared to 30% load, for travel speeds of 5.16; 7.29 and 10.48km h -1 , respectively. The speed of 10.48km h -1 is the one with the lowest percentage increase in hourly fuel consumption (199.10%), but from the first applied load level is the travel speed with the highest consumption ( Table 2) .
According to the results of a test conducted at the University of Nebraska, a tractor equipped with CVT transmission conducted in automatic mode was more economical than another tractor equipped with mechanical transmission, when the power in the drawbar was 76-81% of the maximum power (HOWARD et al., 2013) . There is no need for high power, transmission ratio changes, and the engine speed is reduced, but the working travel speed is kept constant, allowing for greater efficiency in fuel consumption (ALONSO, 2014) .
Specific fuel consumption
The fuel economy using the tractor with CVT transmission in automatic mode increased as the load level applied on the tractor was also higher (Figure 2C ), corroborating the data obtained by ASAE (2006) , which describes the specific fuel consumption is a nonlinear function of the power in the drawbar. The adjustment of the polynomial regression curves and their equations have high coefficient of determination (R²>0.9681), which ensures safety in inferences at all travel speeds assessed.
By having a careful analysis of the effect of increasing the load levels for each travel speed it is reported that, for travel speeds of 5.16 and 7.29km h -1 , there is no specific consumption difference between the highest loads (70 and 80%) and intermediate loads (50 to 60%), but for smaller ones (30 to 40%) there is difference for specific consumption (Table 2 ). For the 80% load level using a travel speed of 10.48km h -1 , the specific fuel consumption is reduced by almost 20%, from 346.30g kWh -1 to 278.70g kWh -1 . 30  40  50  60  70 80 Although there was a linear increase of fuel volume consumed per hour by the engine, the power developed in the tractor drawbar also increased, explaining the lower specific fuel consumption (ACUÑA et al., 1995) . This power, according to SALVADOR et al. (2009) , is a function of the traction force and travel speed.
Low values of specific fuel consumption mean simultaneous optimization of engine performance, efficiency in traction and the adequacy of the implement to the power supply (LYNE et al., 1984) . The existence of an inverse relationship between the specific fuel consumption and load levels applied on the tractor reinforce this claim.
In assessing the performance in a concrete test track of an agricultural tractor with CVT transmission, COFFMAN et al. (2010) stated that, in the automatic mode, it was possible to significantly reduce fuel consumption compared to manual mode. Also according to the authors, CVT transmission in automatic mode has advantages over manual mode for low power in the drawbar, and the time and specific fuel consumption were similar for the two modes of operation, when the power developed in the drawbar was greater.
Tractors with travel speed automatic transmission allow better use of engine power, so these models, besides having a more comfortable handling for the operator, provide improved fuel economy compared to models without variation of automatic travel speeds (ALONSO, 2014) . Within a global economy in which Brazilian agriculture operates, the importance and dissemination of information on the performance of farming machines are essential for taking decisions, especially those related to the optimization of fuel efficiency (MONTEIRO, 2011) .
CONCLUSION
There is a direct linear relationship between the hourly fuel consumption and power in the drawbar for each travel speed. The higher load level applied on the tractor, the higher is the engine fuel consumption. In general, the specific fuel consumption of the tractor with continuously variable transmission decreases as the load levels and travel speeds are increased, reflecting energy production with low fuel consumption.
